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Abstract 



New and improved resin mixtures are disclosed comprising an aromatic polyester or copolyester resin; an 
aromatic polycarbonate resin, and a modifier combination therefor comprising an acryiate/methacrylate 
core-shell multiphase composite interpolymer resin and an olefin ic resin selected from C1-C 10 olefin 
homopolymers and copolymers of an olefin and acrylic acid, methacrylic acid, or alkyl esters of such 
acids. The resin mixtures exhibit retained impact resistance at room temperature and improved tensile 
elongation, improved processability, moldability and extrudability. In a preferred embodiment, the 
acryiate/methacrylate core-shell copolymer resin and the olefinic resin are precompounded to form a 
modifier concentrate. Precom pounding reduces the flammability hazards associated with blending rubber 
powders and avoids worker exposure to chemical dust. In addition, the precompounded composition is 
more easily and completely dispersed in the other polymeric components providing improved part 
appearance and better melt flow and permits a reduction in the amount of core-shell interpolymer resin 
employed without sacrificing important physical properties. 
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MODIFIED POLYESTER COMPOSITION 
BACKGROUND OF THE INVENTION 

The present invention relates to new and improved thermoplastic polyester compositions characterized 
by safer handling, improved processability, improved appearance and by retained resistance to impact 
failure, zore ariclzrly, i relates to coly(alkyl- ene terophthalate) po'-e-s and copolymers impact modified 
with the comsimation of an aromatic polycarbonate resin and a modifier combination comprising an 
acrylate/methacrylate core-shell graft copolymer resin and an olefinic resin selected from polyolefin 
resins and olefin cooler resins. 

High molecular weight linear polyesters -and copolyesters of glycols and terephthalic or isophthaiic acid 
have been available for a number of years. These are described, inter alia, in Whinfield, et al., U.S. 

2,465,319 and in Pengilly, U.S. 3,047,539 incorporated herein by reference. These patents disclose that 
the polyesters are particularly advantageous as film and fiber formers. 

With the development of molecular weight control, the use of nucleating agents and two-step molding 
cycles, poly(ethylene terephthalate) has become an important constituent of injection moldable 
compositions. 

Poly(l,4-butylene terephthalate), because of its very rapid crystallization from the- melt, is uniquely useful 
as a component in molding resins. Work-pieces molded from such polyester resins, alone or combined 
with reinforcement, in comparison with other thermoplastics, offer a high degree of surface hardness 
and abrasion resistance, high gloss, and lower surface friction. 

Stable polyblends of poly(l,4-butylene terephthalate) and poly(ethylene terephthalate) can be molded 
into useful unreinforced and reinforced articles. 

See Fox and W=nbach, U.S. 3,953,394, incorporated herein by reference. 

Block copolyesters derived from terminallyreactive pre-formed blocks of poly(l,4-butylene te-e- 
phthalate) and from terminally-reactive pre-forme blocks of an aromatic/aliphatic or aliphatic polyester, 
the blocks: being; connected end to end by ester linkages are disclosed in copending application U.S. 
Serial No. 

290,879, filed August 7, 19S1 , tich is a cntira-'on of U.S. Serial No. 752,325, filed December 20, 1975. 

Such block copolyesters are useful per se as molding resins and also in intimate combination with 
poly(l,4butylene terephthalate) and/or poly(ethylene terepn'hal- ate) resins. 

It has been proposed to increase the impact strength of polyesters by adding various modifiers. 

For example, Baron et al in U.S. 4,044,073;disclose that a useful impact modifier for such polyesters is 
an aromatic polycarbonate. Bripkmann et al in U.S. 

3,591 ,659 disclose that a useful family of modifiers comprises polyalkylacrylates, methacrylates and/or 
ethacrylates. Schlichting et al in U.S. 4,022,748 disclose that a rubber-elastic graft copolymer having a 
glass transition temperature below -200C. is a useful modifier. 

Nakamura et al, U.S. 3,864,428, disclose that compositions comprising a major proportion of an 
aromatic polyester, a minor proportion of an aromatic polycarbonate, and from 1 to 30% by weight of a 
simple grafted methyl methacrylate-butadiene-styrene copolymer possess improved impact strength 
and chemical resistance over the polycarbonate resin alone. 

More recently, it has been discovered that the addition of certain grafted core-shell copolymer resins to 
polyester resin compositions provides articles molded therefrom with superior impact resistance rover a 
broad range of temperatures. One type of core-shell craft copol-r.er nodifier having a butadiene-based 
core and methacrylate shell is described in copending U.S. 

Serial No. 316,946, filed October 30, 1981 and in C.S. 

4,180,494 to Fromuth et al. These core-shell copoLymers comprise a rubbery first stage polymerized 
from a mono- .er system co.mprisirg 50 percent by weig:'-t of butadiene, alone or in combination with a 
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vinyl morfomer, 'e.g. s 

styrene, and a rigid thermoplastic final stage polymer ized from methyl methacrylate and a crosslinking 
mcnomer. 

As is described in the above-identified application, when a modifier combination comprising an aromatic 
polycarbonate resin and this butadiene-based core-shell copolymer resin is added to a polyester 
composition comprising a poly(1,4-butylene terephthalate) resin, shaped articles molded therefrom 
possess good impact strength. The application also discloses that, while methyl 
methacrylate-butadiene-styrene copolymers not of the core-shell type, also provide good impact 
strength at room tenperatures of about 230C, only the compositions maae with the core-shell 
copolymers retain more than 70% of their impact strength at -400C, making them uniquely suitable for 
molding such articles as automobile bumpers, ski bindings and the like, where low-temperature impact 
resistance is important. 

Other useful core-shell copolymer resins are those having a rubbery acrylate core and a hard 
methacrylate shell such as are described in Farnham et al, 

U.S. 4,096,202. As disclosed therein, the acrylatebased core shell copolymer resins are comprised of a 
rubbery first phase polymerized from a monomer system comprising a C1-C6 alkyl acrylate and minor 
amounts of a crosslinking monomer and a graft-linking monomer, respectively, and a rigid thermoplastic 
final phase polymerized from a monomer system comprising at least 50% by weight of a C1-C6 alkyl 
methacrylate. These core-shell copolymer resins rovie erganced impact strength to saturated polyester 
corostions. 

In U.S. 4,260,693 to Liu, assigned to the same assignee as the present invention, it is disclosed that 
aromatic polycarbonates may be impact modified with an ecrylate-based core-shell copolymer resin and 
an oiefin-acrylate copolymer resin. 

In U.S. 4,257,937 to Cohen et al and in 

U.S. 4,264,487 to Fromuth et al, impact modified thermoplastic compositions are disclosed which 
comprise a poly(alkyiene terephthalate) resin, an aromatic polycarbonate resin and an acrylate-based 
core-shell copolymer resin. 

In copending application Serial No. 454,018 filed December 28, 1982, impact modified thermoplastic 
compositions are disclosed comprising z polyester resin, an aromatic polycarbonate resin or mixtures 
thereof and a precompounded modifier composition comprising a butadiene-based core-shell 
copolymer resin and an antioxidant/stabilizer package comprising a hindered phenolic antioxidant, an 
aromatic amine, a thioester and a trivalent phosphorus compound. The precompounded modifier may 
optionally contain a polyolefin resin added to facilitate the preblending of the core-shell copolymer with 
the combination of stabilizers. The precompounded impact modifier and stabilizer package are more 
easily dispersable in the other polymeric components and effectively reduce the hazards associated with 
the handling and processing of rubber dusts. In addition, precompounding of the temperature sensitive 
butadienebased core-shell resin with stabilizers decreases the degradation of the impact modifier which 
improves the impact resistance of the overall composition after rocessing. 

Although many of the above-me.ntioned patents a applications provide polyester or polycarbonate 
ccm?ositions possessing gooc impact strength at room temperature and some at lower temperatures, 
other polyester compositions exhibiting improved impact strength at both lower and room temperatures 
which also possess improved storage stability, improved melt flow, improved tensile elongation and 
better part appecarance are still needed and desired. 

SUMMARY OF THE INVENTION 

Unexpectedly, in view of the foregoing, it has been discovered that a thermoplastic composition 
comprising a linear or branched saturated polyester homopolymer or copolymer resin and an aromatic 
polycarbon ate resin may be provided with retained impact strength, with reduced melt viscosity and 
improved melt flow, improved tensile elongation, improved storage stability and better part appearance 
by incorporating therein, in certain proportions, a modifier combination comprising a multiphase 
Co-positQ interpolymer having a rubbery acrylate core ..w a = tnersoplaswic shell together with an olefin 
polymer or copolymer. 

Although it is known that butadiene or acrylic rubbers can improve the impact strength of polyester 
resins, most of these additives are, in general, finely divided particles prepared by emulsion 
polymerization which are diffult to handle. These polymer dusts are extremely flammable and the 
potential for dust explosions during the handling of these materials is a significant risk. Moreover, the 
dispersion of the powders into the polymer matrix during normal processing is generally poor. 

Therefore, in accordance with a preferred embodiment of the present invention, a multiphase composite 
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interpolyhrier having an abrylate 6ore and a thermoplastic methacrylate shell is first precompounded with 
an olefin homopolymer or copolymer under relatively mild conditions of low temperature and low shear 
to form a concentrate. When the resulting concentrate is thereafter intimately admixed with the polyester 
resin composition at the relatively high processing temperatures normally required to melt the polyester, 
the precompounded concentrate is easily melt blended into the the polyester resulting in reduced melt 
viscosity and improved melt flow and a more complete and uniform dispersion of the impact modifiers 
throughout the polymer matrix is obtained. This results in improved tensile elongation and improved part 
appearance. 

The acrylate based multiphase composite interpolymer is relatively less temperature sensitive and 
therefore does not suffer the same temperature degradation observed with earlier butadiene-based 
materials which require the further addition of expensive antioxidants and stabilizers. Moreover, the 
precompounded concentrate E 5 caeae- tt e ?-. elimin-tes or substantially reduces the danger of 
chemical dust explosions and worker exposure to chemical dust. 

Moreover, the addition of the olefinic resin permits a reduction in the ievels of the multiphase core-shell 
interpolymer resin without sacrificing other beneficial properties which provides a substantial reduction in 
the cost for the compositions of this invention. 

Other objects and advantages of the present invention will become apparent from the following detailed 
description and illustrative working examples. 

DETAILED DESCRIPTION OF THE ItRENTION ; 

In accordance with the subject invention new and- improved thermoplastic molding compositions are 
provided in the form of resin mixtures comprising: 

(a) a polyester comprising: 

(i) a poly(alkylene terephthalate) 
resin; . 

(ii) a blend of a poly(l,4-butylehe 
terephthalate) resin and a poly 
(ethylene terephthalate) resin; 

(iii) a block copolyester of poly(l t 4 
butylene terephthalate) and an 
aromatic/aliphatic or aliphatic 
polyester; 

(iv) a blend of (iii) and a poly 
(ethylene terephthalate) resin; or 

(v) a blend of (iii) a poly(l,4 
butylene terephthalate) resin; 

(b) an aromatic polycarbonate resin; and 

(c) an effective amount of a modifier 
combination comprising: 

(I) a multiphase composite core-shell 
interpolymer comprising a first 
elastomeric core stage of a C1-C6 
alkyl acrylate together with a 
cross-linking monomer and a graft- 
linking monomer and a hard final 
stage comprising, completely or 
predominantly, C1-C6 alkyl methyl ^ 
acrylate; and 

(ii) an olefinic resin selected fron C1 
Clo olefin homopolymers, a blend of 
two or more of said olefin homo- 
polymers and a copolymer of an 
olefin and at least one monomeric 
compound selected from a C1-C6 
alkyl acrylate, a C1-C6 methacrylate, 
acrylic acid, methacrylic acid or - 
a mixture of any of the foregoing. 

The thermoplastic compositions of the present invention may also include reinforcing agents, such as 
glass fibers, mineral fillers, such as clays, mica and/or talc, as well as, flame retardant agents. 

In a preferred embodiment, the modifier combination is added as a precompounded composition, or 
concentrate, of the acrylate-based multiphase composite interpolymer and the polyolefin resin, resin 
blend, or olefin copolymer resin. This precompounding permits the use of smaller amounts of core-shell 
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i * < 

interpolyfner refcn, and prbvides better processability and moldability, better part appearance and 
improved handling safety, to be more fully described hereinafter. 

More particularly, the polyesters suitable for use as component (a) herein may be any of the linear r tre 
satrit s2 tes e'lyesters known to those skilled in this art. Generally, the polyesters will comprise linear 
saturated polyesters derived from C1-C10 alkyiene glycols such as ethylene glycol, propylene glycol, 
1 ,4butanediol etc., including cycioaliphatic glycols, such as 1 ,4-cyclohexanedimethanol, and mixtures of 
any of these glycols with one or more aromatic dicarboxylic acids. Preferably, the polyesters will 
comprise poly(C1-C6 alkyiene terephthalates) prepared by known techniques, such as the 
transesterification of esters of terephthalic acid alone or mixtures of esters of terephthalic acid and 
isophthalic acid, with the glycol or mixture of glycols and subsequent polymerization, by heating the 
glycols with the free acids or with halide derivatives thereof, and similar processes. 

These methods are described in U.S. 2,465,319 and 3,047,539 incorporated herein by reference and 
elsewhere. In addition blends of one or more of these polyesters or copolyesters may be employed. A 
suitable poly(l,4-butylene terephthalate) resin is commercially available from General Electric Company 
under the trade designation, VALOXt 315, and poly(ethylene terephthalate) resins are also extremely 
well known and are abundantly available commercially. 

The block copolyester resins for use as component (a) (iii) above, can be prepared by the 
transesterification of (a) straight or branched chain poly (1,4-butylene terephthalate) and (b) & 
copolyester of a linear aliphatic dicarboxylic acid and, optionally, an aromatic dibasic acid with one or 
more straight or branch. - chain dihy — c aliphatic glycols. For example, a poly(l,4-butyiene terephthalate) 
can be mixed with a polyester of adipic acid and ethylene glycol, and heated at 2350C. to melt tie 
ingredients, then heated further under a vacuum until the formation of the copolyester is complete. As 
the second component, there can be substituted poly(neopentyL adipate), poly (1 ,6-hexyiene 
azelate-co-isophthalate)., poly(l,6hexylene adipate-co-isophthalate) and the like. The procedures and 
products are described Ln the abovementioned copending application U.S Serial No. 290,879, filed 
August 7, 1981 , as a continuations of U.S. Serial 

No. 752,325, filed December 20, 1976, which is incorporated herein by reference. 

Illustratively, the high molecular weight polyesters will have an intrinsic viscc.sity of at least about 0.2 
deciliters/gram and,prferably, at least about 0.4 deciliters/gram as measured in a 60/40 
phenol/tetrachloroethane mixture at 30wC, for poly (ethylene terephthalate) and at least Q. 6 and more, 
preferably 0.8 deciliters/gram, same basis, for poly (1,4-butylene terephthalate). Most preferably, for the 
former, the intrinsic viscosity will be in the range of 0.5 to 1 .0 dl./g. and from 0.9 to 1 .2 for the latter. 

Especially useful when high melt strength is important are branched high melt viscosity poly(l,4butylene 
terephthalate) resins, which include a small amount, e.g., up to 5 mole percent based on the 
terephthalate units, of a branching component containing at least three ester forming groups. The 
branching component can be one which provides branching in the acid unit portion of the polyester, or in 
the glycol unit portion, or it can be a hydrid. Illustrative of such branching components are tri- or 
tetracarboxylic acidsl sucin as trimesic acid, pyromeliitic acid, and lower vinyl esters thereof, andthe 
like, or pre=araly, polyols, and especially preferably, tetrols, such as pentaerythritol, triois, such as 
trimethylolpropane; or dihydroxy carboxylic acids and hydroxydicarboxylic acids art derivatives, such as : 
tartaric acids, and the like. 

The branched poly(l,4-butylene terephthalate) resins and their preparation are described in Borman, 
U.S. 3,953,404, incorporated herein by reference. 

\ The aromatic polycarbonate resins for use herein as component (b) may be prepared by reacting a 
1 dihydric phenol with a carbonate precursor, such as phosgene, a haloformate or a carbonate ester. 
I Generally speaking, such carbonate polymers may be typified as possessing recurring structural units of 
I the formula: 

wherein A is a diva lent aromatic radical of the dihydric phenol employed in the polymer producing 
reaction. 

Preferably, the carbonate polymers used to provide the resinous mixtures of the invention have an 
intrinsic viscosity (as measured in methylene chloride at 250C.) ranging from about 0.30 to about 1 .00 
dl./g. The dihydric phenol which may be employed to provide such aromatic carbonate polymers are 
mononuclear or polynuclear aromatic compounds, containing as functional groups two hydroxy radicals, 
each of which is attached directly to a carbon atom of an aromatic nucleus. 

Typical dihydric phenols are: 

2,2-bis-(4-hydroxyphenyl)propane; 

hydroquinone; 
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resorcinol; ' 1 * 

2,2-bis-(4-hydroxyphenyl)pentane; 
2,4'-(dihydroxydiphenyl)methane; 
bis-(2-bydroxypbenyl) methane; 
bis- ( < -hydroxyphenyl)methane; 
bis-(4-hydroxy-5-nitrophenyl)methane; 
1 ,1-bis(4-hydroxyphenyl)ethane; 
3 ,3-bis (4-hydroxyphenyl)pentane; 
2, 2-dihydroxydiphenyi; 
2,6-dihydroxynaphthaIene; 
bis-(4-hydroxydiphenyi)sulfone; 

bis-(3,5-diethyl-4-hydroxyphenyl)sulfone; 2 ,2-bis- (3 ,5-dimethyi-4-hydroxyphenyl)propane; 

2,4*-dihydroxydiphenyl sulfone; 

5 '-chloro-2, 4 -dihydroxydiphenyl sulfone; 

bis- (4-hydroxyphenyl)diphenyl sulfone; 

4,4'-dihydroxydiphenyi ether; 

4,4-dihydroxy-3,3'-dichlorodiphenyI ether; <#s> ; 4,4'-dihydroxy-2,5-dihydroxydiphenyl 
ether; and the like. 



Other dihydric phenols which are also suitable for use in the preparation of the above polycarbonates 
are disclosed in U.S. 2,999,835; 3,038,365; 3,334,154; and 4,131 ,575. 

These aromatic polycarbonates can be manufactured by known processes, such as, for example and 
as mentioned above, by reacting a dihydric phenol with a carbonate precursor, such as phosgene, in 
accordance with methods set forth in the above-cited literature and in U.S. 4,123,436, or by 
transesterification processes such as are disclosed in U.S. 3,153,008, as well as other processes 
known to those skilled in the art. 

It is possible to employ two or more different dihydric phenols or a copolymer of a dihydric phenol with a 
glycol or with a hydroxy- or acid-terminated polyester or with a dibasic acid in the event a carbonate 
copolymer or interpolymer rather than a homopolymer is desired for use in the preparation of the 
polycarbonate mixtures of the invention. Branched polycarbonates are also useful, such as are 
described in U.S. 4,001,184. Also there can be utilized blends of linear polycarbonate and a branched 
polycarbonate. 

Moreover, blends of any of the above materials may be employed in the practice of this invention to 
provide the aromatic polycarbonate. In any event, the preferred aromatic carbonate polymer for use as 
component (b} herein is a homopolymer derived from 2,2-bis(4-hydroxyphenyl) propane (bisphenol-A), 
commercially available under the trade designation LEXANc from General Electric 
Company. 

In the modifier combination (c), the multiphase composite core-shell interpolymer component (c) (i) is a 
core-shell interpolymer comprising about 25 to 95 percent by weight of a first elastomeric core phase 
and about 75 to 5 percent by weight of a final rigid thermoplastic shell phaselOne o morejntermed- iate 
phases are optional, for example, a middle stage polymerized from about 75 to 100 percent by weight 
styrene. 

The first stage or core of multiphase composite interpolymer component (c) (i) is polymerized from 
about 75 to 99.8 weight percent C1 to C6 alkyl acrylate resulting in an acrylic rubber core having a Tg 
bellow about 100C. and crosslinked with 0,1 to 5 weight percent crosslinking monomer and further 
containing 0.1 to 5 percent by weight graftlinking monomer. The preferred alkyl acrylate is butyl acrylate. 
The crosslinking monomer is a polyethylenicaily unsaturated monomer having a plurality of addition 
polymerizable reactive groups all of which polymerize at substantially the same rat of reaction. Suitable 
crosslinking monomers include poly acrylic and poly methacrylic esters of polyols such as butylene 
diacrylate and dimethacrylate, trimethylol propane trimethacrylate, and the like, diand trivinyl benzene, 
vinyl acrylate and methacrylate, and the like. The preferred crosslinking monomer is butylene diacrylate. 

The graftlinking monomer is a polyethylenicaily unsaturated monomer having a plurality of addition 
polymerizable reactive groups, at least one of which polymerizes at a substantially different rate of 
polymerization from at least one other of said reactive groups. The function of the graftlinking monomer 
is to provide a residual level of unsaturation in the elastomeric phase, particularly in the latter stages of 
polymerization, and consequently, at or near the surface of the elastomer particles. When the rigid 
thermoplastic shell phase is subsequently polymerized atThthe surface of the elastomer, the residual 
unsaturated, addit olymetizable reactive-group roupcontributed by the graftlinking monomer participates 
in the subsequent reaction so that at least a portion of the rigid shell phase is chemically attached to the 
surface of the elastomer. 
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f£S- th, M effetiti T e & a ? nkin 9 nfenomers are allyl'group-containing monomers of allyl esters of 

K^Ett' an ? monomerS are methacrylate and diallyl hSSSS^S^SSS' 

in erpo ymer has only two stages, the first stage comprising about 60 to 95 oercent bv weteht of tho 

butt fr °r mon °™ system oompX 95^9?^^tahl. 

ACRYLOID KM 330, from Rohm & Hzas Chemical Company. 

The final or shell stage monomer system can be comprised of C1 to C16 methacrvlate stv™ 
acrylonitnle. alkyl acrylates, allyl methacrylate, diallyl methacrylate. and th "like 17 ona nv^u 

'2SZll£ h .T' c ? m P° s ' fe interpolymers are prepared sequentially by emulsion polymerization 
£1?™ each successive outer stage coats the previous stage polymer By wS of 

The first elastomeric phase is formed in situ to provided a latex of the 00% Sp o£nT 1 8 °° C - 
SrSret^KSS^ - - emuision 

'^SSI^ S= UC („ is 

Component (c)<ii) comprises an olefin resin selected from olefinic homopolymers and copolymers 
II?. 6 °i 6 ^ n h0m0 P o, y mers ar e well known and commercially available and may be selected from 

ffirSSX^^ : 

The preferred homopolymer for use herein is polyethylene. 

fnf ™ a " y preferred for us f an olefinic component (c) (ii) herein is a copolymer of an olefin and at least 
mo, h ™"? menC co ™ P °™ d Selected from the group consisting of a Ct-CeX ac^a?e Tciil S 
methacrylate, acrylic acd, methacrylic acid and a mixture of any of the foregoing M 

Copolymer component (c)(ii) is made from an olefin, e.g., ethylene propylene orthelik* 
SRSSET5S' Wm l V*? m ° re ° f a monomer comprising I :?1 C6 alky S^^men* 
acrylate, ethyl acrylate, hexyl acrylate and the like; a CI -C6 alkyl methacrylate^ a mfthv? ^ 
ESS* 18, ? ^ mrthaaytato. hexyl methacrylate, and the liK^fc ac? JrmeThSic acid } 
ZZSSSS&Sl"** 1 * We " kn ° Wn C ° POlymerS ° f eth * lene with » «** -Sr ofSac^These 

aboS 30 we%Src^ POrt i° n ° f the «W"«rcan range from about 10 to 

^t n Q !;J , -Tif ; The ° lefin Portion of the copolymer can range from about 70 to about 90 
nt J1 e f r6ferred c °P°'y mer f o>" ^e as component (c) (i? is an ethylene^ I acrvlate 

pres^f f „v^ BAKEUTES ° PD - 6169 <** «°P^er is suitahle for use in the 
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and the like, followed by dicing or* pellefizing of thepreblended components. 

In certain preferred features of the compositions will include fillers, especially reinforcing fillers such as 
Sf^ US Jn la h men i 0US 9 J aSS t ° r *«. »"* as clay, mica, talc, and the like, p eSabfy clay The" 

Kml^H » ntreat f 6d ° r trea . ted witbsilane or titan ate coupling agents, etc. The filamentous glass to 
e -.f T Xf d a i re, " forcement In such embodiments of the present compositions is well known to those 

SSHISS ? W ' dely aVa :' ab,e 3 number 0f ^an^cturers. For composWons uZatefy to 
be employed for electncal uses, it is preferred to use fibrous glass filaments comprised of 
hme-aluminum borosilicate glass that is relatively soda free. This is known as "E" glas. However other 

-C a niSf Th. n U ' Wh f 6 eleCtri S al P r ° pertieS are not so im P° rtant - e -9- «» low soda glass knowS as 
anriSSiZS ? lam , ents made by standard processes, e.g.. by steam or air blowing, flame blowing 
pulling 9 ' preferred laments for plastic reinorcement are made Dy mechanical 

iliventon. ent diameterS range zrom about 0 00012 to 000075 inch . but this is not critical to the present 

2m? n n£!l 0f the 9 ' aSS filaments and n r hew ate bitD °S into fibers and the fibers bundled in turn to 
CS^ raV 'Hf' or woven into mats, and the like, are also not critical to the invention. However, 
in preparing the molding compositions, it is convenient to use the filamentous glass in the form of 
chopped strands of from about one-eighth to about 2 inches long. In articles molded from thT 
compositions, on the other hand, even shorter lengths will be encountered because during 
compounding, considerable fragmentation will occur. This is desirable, however, because the best 

ssra^^So^ iniection molded artic,es in which the fiiament 

The amount of the filler can vary widely depending on the formulation and needs of the particular 
composition, it being essential only that an amount is selected which is at least sufficient to provide 
S^ nt ^ fe ? bl ^ however the reinforcing filler will comprise from about 1 to about 60% by 
weight of filler (d) and components (a), (b) and (c) combined. y 

fit 1 TfJ , i.T ndered flame retardant w.th an effective amount of a conventional flame retardant agent 
(e). As is well known, flame retardants can be based on elementary red phosphorus phosphorus 
compounds, halogen and nitrogen compounds alone, or preferably in further combination with 
rSo« S ' SU °l aS antim . on y compounds. Especially useful are polymeric and oligomeric flame 
retardant agents compnsing tetrabromobfs phenol carbonate Units, see, for example, Wambach, U.S. ; 

3,833.685, which is incorporated herein by reference. 

Srl^m^wir- 8 SUCh a ? dye ,f' P iaments ' dri 'P retardants and the like can be added in conventional 
amounts for their conventionally employed purposes. 

&!?/o!i y ' ll L e K eW and u ' m P roved com POSitions of the subject invention will comprise from about 40 to 
nSLS? Pa T by weight Po'yester component (a); from about 10 to about 60 parts by weight aromatic 

b2S^EJS'T fl ? ,t ^f fr ° m ^"V t0 abOUt 40 Parts by wei 9 ht Modifier combination (c). 
Smhl J£ / f °^ T 9f l!, 0f com P onents (a), (b) and (c) combined. More particularly, modifier 

? { ? preferablv comprise from about 5 to about 30 parts by weight of multiphase 
^ f e 'nterpolymer component (c) (i).and from about 1 part to about 15 parts by weight of olefinic 
homopolymer or copolymer component (c)(ii). based upon the total weight of the overall composrtion 

wfthfh P i a 5hf r PreVi °w" Sly ; the combination, or preferably the modifier concentrate, is admixed 

!Sh?„VXf In 9 red 'ents of the final composition. This can be done in one convenient manner by 
umbling the concentrate and other components to form a dry blend, extruding the blend at a 
temperature between 450 to 550 CF, cooling the extrudate. forming it into pellets and iniection moldinq 
at a temperature of 450 to 5500F. (50 to 2500F. mold temperature). 'njeciion moiaing 

S e ^ a n d impr ° Ved modi " ed Po'yester compositions of the present invention exhibit decreased melt 
viscosity and improved melt flow rendering them well suited for use in injection molding applications 

i n rrJit£/^h e a em , b0diment ^ h f 6in t l ie modifier co - ina rion is r3 Zl e-om?ounSed composition, the 
S rlTn n! ? 3te cor f- she " copolymer powders are wetted and pre-pelletized with the polyolefin 
Wendino nr h.^h^ h° P ° T ^ ^ Which effective| y reduces or removes the hazards associated with 
^nr JnLto ^o" 9 th6Se mbber partic,es witn other resinous Polymeric components. The modifer 

e f p rov,des 2 Pre-d.spersed impact modifier, which when blended with te polyester and 
£ n °" al a e n r * ? ,ns ', ,s more easi| y and effectively dispersed throughout, which provides better part 
appearance and tensile elongation while the impact strength is retained. 
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In order that those skilled in the art may better understand how the present invention may be practiced, 
the following examples are given by way of illustration and not by way of limitation. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following examples, all parts and percentages are by weight unless otherwise noted. The various 
polyester compositions were first dry blended, then compounded and extruded in a Prodex extruder at 
5000F. and finally molded in a Van Dorm injection molding machine at 4800F. to form test specimens. 
The test specimens were molded to form ASTM test bars of 2Fw x 1/2" x 1/8" dimensions. Resistance 
to impact failure of the specimens was determined in accordance with the Notched Izod Impact Test, 
ASTM D256 on both notched and unnotched specimens. 

A precompounded concentrate was prepared by tumbling 100 parts of an acryiate/methacrylate 
coreshell copolymer, ACRYLOID KM 330, Rohm & Haas Chemical 

Company with 50 parts of an ethylene-ethyl acrylate copolymer wherein the weight ratio of the ethylene 
fraction to the ethyl acrylate fraction is about 4.5 to 1, BAKELITEC DPD 6169, Union Carbide Company. 
The dry blend was transLerred to a srocex extruder and compounded and extruded at 4500F. to form 
pellets. 

The resulting precompounded modifier composition was then blended, and extruded with the poly 
mester resin, polycarbonate resin, fillers and flame retardants, and thereafter injection molded in 
accordance with the procedure described above. 

EXNSLES 1 and 2 

The following compositions were prepared by dry blending the ingredients, followed by compounding 
and extrusion to form pellets. The pellets were injection molded to form standard test specimens. The 
compositions prepared and the results obtained are set forth in Table 1 as follows: 
TABLE 1 : MODIFIED POLYESTER COMPOSITIONS 
EXAMPLES A* B** C*** 1 2 

COMPOSITIONS (pbw) Poly (1 , 4-butylene tere phthalate)a. 68.3 68:3 - 68.3 69.8 Poly (bisphenol-A 
carbonate)b. 15.0 15.0 95.7 15.0 15.0 
Acryiate/methacrylate core-shell copolymer c. 15.0 - 3.2 10.0 
Ethylene-ethylacrylate copolymer d. - - 1.0 5.0 
Modifier concentrate e. - - - - 15.0 

MMBS graft copolymer f. - 15 - - Stabilizers/mold release 1.7 1.7 .1 1.7 .2 PP'?PEPmfPS 1/8" notched 

Izod impact strength, ft-lbs/in. 20 18.4 14.5 19 19.1 1/8" unnotched Izod impact strength, ft-lbs/in. NB 

NBNBNBNB 

Melt viscosity, poises 

at 2660C. 10,223 8,500 - 8,052 7,600 

Tensile elongation.% 102 173 110 168 173 

a. VALOXe 315, General Electric Company. 



b. LEXAN# 135, General Electric Company 

c. ACRYLOID# KM330, Rohm & Haas Chemical Company 
d; BAKELITE# DPD 6169, Union Carbide Company. 

e. 2:1 w/w ACRYLOIDe KM330, BAKELITEs DPD 6169 
f; B-22, Kanegafuchi Chemical Company. 

* within the scope of U.. 4,257,937 to Cohen et al. 

**■ within the scope of U.S. 3,864,428 to Nakumara et al. 

*** within the scope of U.S. 4,260,693 to Liu. 

These data illustrate the improvements in the melt viscosity and tensile elongation and retained impact 
strength obtained with the new and improved modified polyester compositions of the subject invention 
For example, the compositions of Examples A and 1 exhibit substantially similar impact strength 
properties, cer, Example 1 also exhibits significantly lower melt viscosity and higher tensile elongation. 
The prior art composition of Example B containing a simple grafted 

MMBS copolymer exhibits good impact strength, melt viscosity and tensile elongation, however, after 
thermal aging of these Example B compositions, both the impact strength and tensile elongation decline 
due to the inherent poor thermal stability of the MMBS graft copolymer, as compared with aged 
compositions of Examples 1 and 2 contain ing the acryiate/methacrylate core-shell copolymer and olefin 
copolymer resins of the subject invention which exhibit good thermal stability. The prior art composi 
tions of Example C based on polycarbonate alone exhibit poorer impact strength and tensile elongation, 
and in addition, due to the art-recognized poor solvent resistance of aromatic polycarbonate resins, 
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exhibit poorer solvent resistance to unleaded gasoline and other solvents as compared with th 
polyester-containing compositions of this invention shown in Examples 1 and 2. 

Moreover, the use of the precompotinded mcdi- fier composition of the present invention/shovym by 
Example 2, provided a composition that exhibited improved melt flow, thereby providing a thermoplastic 
composition having improved processability, moldability and extrud- ability. The compositions of 
Example 2 also exhibited improved tensile elongation. These properties were obtained using less of the 
acrylate/methacrylate core-shell copolymer resin. In addition, parts molded from the composition of 
Example 2 showed no striations or color spots indicating more uniform dispersion and better 
appearance than those compositions containing unprecompounded modifiers. 

Each of the above-mentioned patents and applications are specifically incorporated herein by 
refererence. Although the present invention ; has been described with reference to certain preferred 
embodiments, many obvious modifications may be made therein or will suggest themselves to those 
skilled in this art. For example, and as already mentionedlcopolyesters and block copolyesters may be 
substituted in whole or in part for the pply(l,4rbutyieh<B terephthalate) resin component (a). Instead of a 
bisphenol-A polycarbonate, one containing units derived from tetramethylbisphenol-A or from dixylenol 
sulfone can be used as component (b). 

Instead of a multiphase composite (e.g.i core-shell) ihterpolymer having an n-buty! acfylate core, one 
having an ethyl acrylate core could be used; Instead of an ethylene-ethyl acrylate copolymer, a blend of 
polyethylene and polyisobutylene could be used; or propylene may be substituted in the copolymer for 
the olefin component; or there can be used copolymers of ethylene and methyl methacrylate, ethylene 
and acrylic acid and ethylene and methacrylic acid, to name but a few of the variations possible. All such 
obvious modifications are within the scope and spirit of the present invention as defined by the 
appended claims. 
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WHAT IS CLAIMED IS: 

1 . A resin mixture comprising: 

(a) a polyester resin composition compris 
ing: 

(i) a poly(alkylene terephthalate) 
resin; 

(ii) a blend of poly(l,r.-butylene tere 
phthalate) resin ara a pofy(ethyl 
ene terephthalate) resin; 

(iii) a block copolyester of poiy(l,4 
butylene terephthal ate) and an 
aromatic/aliphatic or aliphatic 
polyester; 

(iv) a blend of (iii) and a poly(l,4- 
butylene terephtha ate) resin; 

(b) an aromatic polyzarbonzwe resin; and 

(c) an effective amount of an impact modi 
fier combination therefrom, said modi 
fier combination comprising 

(i) a multiphase composite interpolymer 
resin comprising a first elastomeric 
core stage of a C1-C6 alkyl acrylate, 

a crosslinking monomer and a graft 
linking monomer, and a rigid thermo 
plastic final stage comprising at 
least about 50% by weight of C1-C6 
alkyl methacrylate; and 

(ii) an olefinic resin selected from the 
group consisting of CI-C10 olefin 
homopolymers, copolymers of an 
olefin and at least one monomeric 
compound selected from a C1-C6 
alkyl acrylate, aC-C alkyl 
methacrylate, acrylic acid, and 
methacrylic said, and mixtures 

of the foregoing olefinic resins. 

2. A resin mixture as defined in Claim 1 wherein component (a) comprises from about 40 to about 85 
parts by weight; component (b) comprises from about 10 to about 60 parts by weight and component (c) 
comprises from about 1 to about 40 parts by weight, based upon the total weight of components (a), (b) 
and (c) combined. 



3. A resin mixture as defined in Claim 2, wherein in said modifier combination, component (c), the 
multiphase composite interpolymer (c) (i) comprises from about 5 to about 30 parts by weight and 
olefinic resin component (c) (ii) comprises from about 1 to about 15 parts by weight, based upon the 
weight of the overall composition. 

4. A resin mixture as defined in Claim 1 wherein said polyester component (a) is a poly(l,4butylene 
terephthalate) resin. 

5. A resin mixture as defined in Claim 1, wherein the aromatic polycarbonate resin (b) comprises 
recurrinc structural units of formula: 

wherein A is a diva lent aromatic radical of a dihydric phenol. 

6. A resin mixture as defined in Claim 5, wherein in said formula, A is derived from a 
4,4 , dihydroxy-di(mononuclear aryl) alkane. 

7. A resin mixture as defined in Claim 1, wherein said aromatic polycarbonate resin (b) comprises 
poly(2,2-dihydroxydiphenylpropane) carbonate. 
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8. A resin mixture as defined in Claim 1, wherein said multiphase composite interpolymer component (c) 
(i) comprises a first elastomeric core phase of n-butyl ocrite With z butylene diacrylate crossiinking 
agent and an aii-l methacrylate graft- lining agent and a hard final phase of methyl methacrylate. 

9. A resin mixture as defined in Claim 1, -;.erenn said copolymer component (c) (ii) comprises a 
copolymer of ethylene and ethyl acrylate. 

10. A resin mixture comprising: 

(a) a major proportion of a polyester 
composition comprising: 

(i) a poly(alkylene terephthalate) 
resin; 

(ii) a blend of a poly(l,4-butylene 
terephthalate) resin and a poly 
(ethylene terephthalate) resin; 

(iii) a block copolyester of poly(l,4 
butylene terephthalate) and an 
aromatic/aliphatic or aliphatic 
polyester; 

(iv) a blend of (iii) and a poly 
(ethylene terephthalate) resin; or 
(y) a blend of (iii) and a poly(l,4 
butylene terephthalate) resin; 

(b) an aromatic polycarbonate resin; and 

(c) an impact resistance improving amount 
of a precompounded modifier composition, 
said composition comprising: 

(i) a multiphase composite inter 
polymer comprising a first elasto 
meric core stage of a C1-C6 alkyl 
acrylate, a crossiinking monomer 
and a graft-linking monomer and a 
rigid thermoplastic final stage 
comprising at least about 50% by 
weight of C1-C6 alkyl methacrylate;: 
and 

(ii) : an .olefinic resin selected from the 
group consisting of C1-C10 olefin 
homopolymers, copolymers of an olefin 
and at least one monomeric compound 
selected from a C1-C6 alkyl acrylate, 

a C1-C6 alkyl methacrylate, acryle 
acid, and methacrylic acid; and mixtures 
of the foregoing olefinic resins. 

11 . X resin mixture as defined in Claim LO, wherein said precompounded composition is present in an 
amount of from about I to about 40 parts by weight 



based upon the weight of the overall composition. 

12. A resin mixture as defined in Claim 10, wherein the: weight ratio of multiphase composite inter- 
polymer to the olefinic resin is about 2 to I. 
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